
Madison, Wisconsin 

Dr. Joseph Lein 
EwiatQl LabQratQris5 Inu. 
Syracuse 1, New York 

Dear Joel 

'vJ%lcome book. Of course, 1 won&w if you were able to find your my back 
sinae I underatmd that Syracuse 3.6 buried uuder 40 or 50 feet of enow. Wrt 
a6suBling that this get8 toyau, hav%ngpenstrsltadrkotonly through the mow 
but through the pil6 on your k, I. $aetthoughtthatywwouldb-e interested 
in an acamnt of do new antiomoer drug or group of drug8 that QLarlie HtxLdelberger 
gave at a 8mminar la& tight. He has apparently been oollaborating with 
Hefti LaRuche on the 6yntbesis of these nmteri~s and they are new in the 
WUI'66 Of ClinlCd. tX'id,. 

The key ccnnpound in his etudy has been ~4?luomur~il, analogous to the brow- 
uracil which vario~w people have found to be M Wugta43 of thymine in the 
6ynthtmi8 of DNA. I M.nk that Charll.ew6ntafterfluorouracCl on the 
6UppO5itiOn that this would be an even bet-t&r a!d~gue of we, but it 
tuna outthathe gottitergstdng reraults for entirely wrong reaaorw. For 
example, I found nrigself that fluomuracil inhibited B, coli and that this 
inhibition was reversed rmt at 6l.l by thymine or t&&&%%at very efficiently 
by umcil. It thus appears that flu0 zwwaail if anyWing correeponds to the 
uracil in RNA rather thsn thet@uine of DNA. Charlie and hias coZlsboratcm 
have done a number of studiee with rewrites tumr6 and other tissue8 and one 
of my own students did 80~16 mrk w2th E. 0013. which lead to the aonc&W.on 
that a small amount of fluorouraail is-acm incorporated into RMA and 
none atallintoDHA. Fluoxwmil haer in fact been found to have rather 
definite anticancer aativitg, Charlie having even succeeded in curing a 
6ubrPtantial fraction of mice recseiving cwtain tramsplantable tumors. The 
response is quite diffsrunt from one bB?Wr to ahother aa one might expaot, 
but the remits were good enough to warrant clinical investigation and I 
gather that fluorouraoil arag end up to be a.u agent df approximately the ewe 
liM.ted but definite 801% of uaefUlne86 8s ~erouptopuslne. Like the other 
antioanoerdruga, i”lUOFOtXE’ikOil i6 extraately tuxic, ?&Ad caeo one of clinicians 
put it last tight, it@  application xmy be more a mtter of prolongi% the 
“tmsi5.d atata” than life lteulf. Of eoume) &a inany cliKlical inve&tigation, 
th5tFiaS with this naWiW.teZ'i~haVe h&t0 bar UOnfinsdtO theBlo8ttiffictit 
z+.ak6 and the not entire&y 8atiPrfaOtOrY ms~t5 perhap should not be taken 
entirely at facre value, 

It looks a8 if fluoroura~il ha6 two pint8 of a&ion, or perhaps mn timer 
(1) A mall amount ils incorporated Lnta @ IA. Whether or not this ie deleterious 
to the fun&ion of the RNA is not known. (2) In ewe fashion, it inhibiti 
the Lrmorporation of uracil L&O MA 60 that one would amme th& inhibitory 
level8 am in 8 Synthe8f6 at Large will be blocked. B-ii.8 I au&peat is the 
main carcinortatic rewtion. (3) A anal1 mount of administered fluorotmcil 
doesturnup a6 the flUOr andogue of dio3Qwwiylia acid. ‘.&is fluoro 
dioqww&lic a&die apparently 6n6logou8 to the natural nonfluoro compound 
and (1551~8 to fUn@tion in preventing the wethylation of the uracil. reteidue 
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in the fomation of thymidylic a&d. There is, therefore, with fluorouracil 
and er#pecially with the dioxynucleotide itself, very eubetantial inhibition of 
DNA ayrmm!li8. ?hiS, toaSyaiAd,BqytUrnoutto be themo8tintere8ting part 
of the atory. The report oaithenucleotidewaepart fragmentary 88 they have 
had to prepare it entirely by lsolatioa md they have not had large enough 
amounta to do very muah with it* However, it is active in the inhibition of 
tumors andof thebiochemical ma6 f hmre~u&mmtionedatextmne3y 
lowdilutiora of the ordsrof10" lar for the inhibition of inoorporation 
of fomate aarbon into wne, for example. & them may be indued a very 
pzmising approach on this last point. whether it will reeult in a seiieative 
t&.n 3.6 of cour86 mother qaerstim that QM be decided sriiy by experiment. 

These observations lead IW back qain to my hobbyhome of aubetitutional 
llh?motherogy* I hope Ihavemaduit clearthatI thought that the eanoer 
problmu wa8 the most intriguing point of application of these n&ions. For 
obvious reasmrons, one would like to try it out on a siqler q&e&for exmqle, 
bacterial antibiosie. However, you would want to m&e the executive deoi$ion 
yourmlf whether to proaeed stprp-wim or to ,-Jump right in into the canaer field. 
Myesxpliclt proposal atthepreaent time is to tme cawer aells tihemselvee,in 
fact, the 8W tmor that you are ureing for test purposes later on a8 the source 
ofyournaturalmetabolitent, and to subjeotthese arudematerial~ to the range 
of substitutional and mod&fiaational resotiona that we have already dimxamed. 
If you h.ad inuluded a reaotion that would remit in the fluoridation of urauil 
mpbidum, you yourself would have discovered the effects of ffuorouraoil that 
we have just cl6msribed. Actually, there is at lea& some possibility that 
ooneiderably greater selectivity tight be dieraovered if you had raubetitutions 
of mall di- or tri-nucleotideril, Ye don't know very mch about the penetration 
of suoh material& into o&la but &x&ply because there are a great many diff'arent 
one8 there is the opportunity of greater differential activity uith such 
materials. This ie, of course, a half-way step to try to feed an entirely 
fraudulent gene to the target sell. 

1 am stillnotmrebutthatthebaoterial systmwaynotsti3.3. be themore 
appropriate for pilot studLea, There iar eve3q remon to pursue the analogy 
between baaterhl ami cwmr @-owl& in the first st@ps of which one cannot 
hope to find a great deal of aeleotivity. You can, however, hope to find a 
&@a of acmpoti amiwqm ofpmduci~ thmwhich can then be appliedin a 
larger scope to your expesiraenta with tumor oell8. 

I rm;l, of courseI anxio~ to hearhowfarthe seed~thatX amtry~to drop are 
geminating. 

To avert to a rlightly different theme, I would like to know whether you do 
have any aonareta plane with regard to the producrtion of armlogues of neuraminic 
acid, X have inmindparki~arly the nitrophenolderivative uhiohI had 
proposed to you earlier OEI a likely good h-genie 6ubstrate for the 
neuraminida8e aativity of influema and other viruses. The production of such 
amaterial. wouldbe atmmendouelyvaluable tool in fundamental virus studies 
and in addition might have a rather wide application for diagnostic purposes. 
I think I need not enlarge on this nuti further than pointing out how desirable 
it would be to have a good sensitive clm~cal or enqmatio test for vArm 
activity. Such a teat oould be m4.e spociL% by virtue of the specrific 
inhibition of the virus by antibody. k&ether the diagnostic application of 
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6uoh a material would have a auffioient ma&et to justify oommeroial interest, 
I do not know, but I have no doubt about the axtwit of scientific intsr%etr 
If, therefore, you do not have tangible plans for the exploration, I hope you 
will let 3ae know about it 80 that 1 oan try to encourage other people to get 
into it. There are som possibilities, some of them being,in faot, commercial 
ones, Sinw this partiuular area ier,a6 I have indicated, of marginal eomeroial 
interest, It is a little hard to predict what your reaction to that would be. 

One of my colleegues here, Stave kubie, has told me that he made a reasonably 
good preparation of nitrophenolgslactaoide by t&m straight fwion z-motion, 
simply fusing the two maotantswithoutverymmhmrefuss or bother. I 
suspectthatthe mroaotednitxophsnoloould thenbe extractedby ether or 
other masums that your ohmioal friends will know better about,, The same 
procedure night just hqpen to wcxrk reasonably well with oololninic acid as a 
sourue of the neuraminic acid residue. 

Another trick Ifid U&e to try out of q own curiosity sometime, would be to 
see if one canmake nitrophenol~ou&agatea of oellwalls oreven intaot ~ellf3 
by similar methoti with a view again to ufsing such preparations ales specific 
substmtea for wall ap3.B~ enqxesr Ihr; only rewon I bw this up is that 
you vu&y sumtim happen ti havs, s-e nitrophenolated oells as a by-product of 
baae other ma&ions along this line,tiif anysuchcxmeup I'dbe delighted 
to we whether baoteria phage had any epeoifio effect on such a substrate. 

Joe, I won&r if it hqxms that you are a mmber of the New York Academy of 
W.enaes? If not, f would strongly r++eommmd it to you as the Acadmy puts on 
quite a number of symposia eaoh year whiuh d&l with topics within your 
professional interest. I will be vear~ happy- to sponsor your paembership, if 
you would be iutarested. The dues are $15 a year and you would oez%ainly get 
a remarkable series of publicsrtions for it. 

For exmple, I Just had a notiae that there is going to be a confermoe on 
%bwning Procedures for &peri.montal Canoer Chawt2m-ap~n next Sarah 13-15 
in New York. LoaksrLL; at the progrart, I would j-&e that this is one of the 
sort of mwt~s that you would be quit& interasted,to attend ~~ou~sslf. I 
believe that in general t&me meetings are not open to the public cxoept by 
invitation. As a sort of postscript, Joe, I won&w if yea cm add $30 to w 
next uheek on aooount of eqenses for ssmieing the dictating maohine, supplies, 
and a case. 

with all the bwt. 

Yours, 

JOShUt% 
s/ Joshua Lederberg 

JLgac 

P.S. I hope you have been follow&q the p~blicztio~ frx Art @berg at 
Wmhington Univ%raity, St. Louis, and hip groqz ver:; cLoxly. The last uo1.d 
is that under certain conditions, 29-e of his enzyme preparation5 m-e able to 



incorporatdf unnatural nuclwtide~ into IHA, Aa I thinkmstptaopreoJfU agree 
thbmayultimteelyprove tobe one ofthea#>stpro&sing approaches toward8 
an~vi~andantic~sroh~oot*h~~. I would doubt that any part of it is 
qtite ready for &tied ocaamerolal exploitation, u&m you were in a position 
to do scam very elaborate enzgne uork indeed. But I etrongly advise you to 
keep your eyes open* 

That’s it again. 
Joeh. 


